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Method and Device for Assisting an Operator of a Vehicle in 
the Vehicle Stabilization 

Description: 

The invention relates to a method for assisting an operator 
of a vehicle in adjusting a nominal steering angle at 
steerable wheels of the vehicle for the vehicle 
stabilization^ wherein an additional steering torque is 
applied to the steering line of the vehicle, which is 
determined dependent on a difference between a nominal 
steering angle and an instantaneous steering angle. 

Further, the invention relates to a device for assisting an 
operator of a vehicle in adjusting a nominal steering angle 
on at least one steerable wheel of the vehicle, comprising a 
means for adjusting an additional steering torque, which is 
determined by a control unit dependent on a difference 
between the nominal steering angle and an instantaneous 
steering angle. 

When braking on an inhomogeneous roadway with different 
coefficients of friction on the left and the right 
longitudinal side of the vehicle, asymmetric brake forces may 
develop which cause a yaw torque that will induce rotational 
movement of the vehicle about its vertical axis. To prevent 
the vehicle from skidding, the driver is required to build up 
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a compensating yaw torque by way of appropriate steering 
movements, said yaw torque counteracting the torque caused by 
the asymmetric brake forces. As this occurs, locking of the 
wheels should be avoided also on the vehicle side with the 
low coefficient of friction because the major reduction of 
the transmittable cornering force of a wheel, which comes 
along with wheel lock, can prevent the development of the 
necessary compensation torque. The situation at topic, hence, 
places high demands which regularly asks too much of 
inexperienced drivers in particular. 

In vehicles with an anti-lock system (ABS), a controller 
prevents the wheels from locking. In situations of the type 
mentioned, a control strategy that is generally used has the 
objective of effectively decelerating the vehicle by way of a 
maximum high brake pressure in the wheel brakes on the 
vehicle side exhibiting the higher coefficient of friction, 
on the one hand. On the other hand, the driver must not be 
overloaded by a yaw torque caused due to different brake 
forces on the side with high and low coefficients of 
friction. Therefore, in the situations at topic, the control 
is carried out in such a manner that a difference between the 
brake pressures on the side with high and low coefficients of 
friction at the front axle of the vehicle develops only 
slowly in order to impart sufficient time to the driver to 
perform stabilizing steering movements. In addition, the 
brake pressure at both wheel brakes of the rear axle is 
limited to the value admitted for the low coef f icient-of- 
f riction side ( ^select low' ) to allow a sufficient rate of 
cornering force to build up at the rear axle, with a view to 
stabilizing the vehicle by steering interventions. 
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The presented measures enable the driver to master the 
vehicle easily, however, the coef f icient-of-f riction 
potential of the high coef f icient-of friction side is not 
optimally utilized to decelerate the vehicle. Therefore, it 
has been proposed to include the steering angle of the 
steerable wheels of the vehicle into driving stability 
control and to have a controller and an appropriate actuator 
actuated by the latter adjust a steering angle, which brings 
about the necessary compensation yaw torque. The vehicle may 
thus be stabilized more quickly and more reliably so that a 
more ^aggressive' ABS control strategy can be chosen, which 
permits a more effective brake intervention and consequently 
a quicker deceleration of the vehicle. Also, it is avoided 
that the vehicle will be skidding due to insufficient or 
misdirected steering interventions of the driver. 

International patent application WO 02/074638 Al discloses 
applying an additional steering torque to the steering line 
of the vehicle, which is established from a deviation between 
the steering angle that is adjusted by the driver and a 
steering angle requirement, and which is set by an electronic 
power steering system. The steering angle requirement is 
determined from the estimated yaw torque that acts on the 
vehicle, the yaw rate of the vehicle, and the lateral 
acceleration of the vehicle. 

The result is that the steering angle that is determijied by 
the control unit is not adjusted directly, but the additional 
steering torque assists the driver when adjusting the 
steering angle. 
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However, the problem encountered in a control of this type 
involves that the additional steering torque will adopt 
excessively high values in a braking operation on a roadway 
with low coefficients of friction when the control is tuned 
to high coefficients of friction. When the control is tuned 
to low coefficients of friction, the additional steering 
torque is too low when braking on a roadway with high 
coefficients of friction in order to assist the driver 
effectively. This may cause erroneous or inappropriate 
steering interventions of the driver, which is frequently 
noticed as being uncomfortable. 

In view of the above, an object of the invention involves 
improving a method of the same type to such extent that the 
vehicle can be stabilized more reliably and more comfortably 
in a large number of possible driving situations. 

According to the invention, this object is achieved by a 
method according to patent claim 1 and by a device according 
to patent claim 10. 

Suitable improvements of the method and the device are the 
subject matter of the suh claims. 

The invention provides a method of assisting an operator of a 
vehicle in adjusting a nominal steering angle at steerable 
wheels of the vehicle for the vehicle stabilization, wherein 
an additional steering torque is applied to the steering line 
of the vehicle, which is determined dependent on a difference 
between a nominal steering angle and an instantaneous 
steering angle, the said method manifesting itself by the 
feature that a value of a load moment acting on the steering 



- 5 - 



line is estimated, and that the additional steering torque is 
established dependent on the estimated value for the load 
moment . 

The load moment concerns in particular a tire resetting 
moment, which acts on the steering line of the vehicle and is 
produced by cornering or lateral forces at the tires of the 
steerable wheels of the vehicle. 

Consideration of the load moment also enables taking into 
account the instantaneous road condition in the control 
interventions. More particularly, there results a differing 
load moment for different coefficients of friction so that 
the value of the additional steering torque can be adapted to 
the coefficients of friction. In the presence of an 
inhomogeneous roadway, the method of the invention favorably 
permits taking into account the load moment that is caused in 
the sum by the tires being on different coefficients of 
friction. 

It is arranged for in a favorable embodiment of the invention 
that the additional steering torque is composed of at least 
two additive components, a first component being determined 
dependent on the difference between the nominal steering 
angle and the instantaneous steering angle, while a second 
component is established dependent on the estimated value of 
the load moment. 

This condition allows determining the control component of 
the additional steering torque derived from the steering 
angle deviation and the component established from the load 
moment, which can be considered a disturbance component. 
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independently of each other, so that a steering angle 
controller employed can be designed in a very simple and 
reliable fashion. 

The load moment is estimated by a disturbance variable 
observer unit in a particularly suitable embodiment of the 
invention. 

In another favorable embodiment of the invention, it is 
provided that a component of the nominal steering angle is 
determined in an inverse vehicle model dependent on a 
disturbance yaw torque. 

It is hence rendered possible to determine the nominal 
steering angle in such a fashion as to compensate the 
disturbance yaw torque, which is caused by differing brake 
forces in a braking operation on an inhomogeneous roadway. 

However, it has shown that the vehicle cannot always be 
stabilized reliably by an adjustment of this component of the 
nominal steering angle. This may be due to errors in 
determining the disturbance yaw torque, for example. 

In a favorable embodiment of the invention, another component 
of the nominal steering torque is therefore determined 
dependent on the deviation between a yaw angle of the vehicle 
and a predetermined value of the yaw angle. 

Due to this component of the nominal steering angle, it is 
possible to take the reaction of the vehicle to changes of 
the steering angle into consideration, with a view to 
stabilizing the vehicle in an especially effective manner. It 



has proven especially favorable to characterize the vehicle 
reaction using the yaw angle. 



Particularly in a braking operation on an inhomogeneous 
roadway while cornering, it is favorably provided that a 
component of the nominal steering angle is an estimated track 
steering angle. 

In another favorable embodiment of the invention, it is 
provided that a component of the additional steering torque 
has a predefined amount. This component is determined 
irrespective of the amount of the nominal steering angle. 

Preferably, the component of the additional steering torque 
with the predefined amount is set for a predetermined 
duration after the start of a braking operation on an 
inhomogeneous roadway, and is then withdrawn. 

This component of the additional steering torque can provide 
the driver of the vehicle with a haptic signal indicating the 
existence of a braking situation on an inhomogeneous roadway. 
This signal is withdrawn in order to allow the driver a 
simple adjustment of the nominal steering angle by way of 
control components of the additional steering torque. 

In addition, the invention .provides a favorable device for 
implementing the method of the invention. 

The device for assisting an operator of a vehicle in 
adjusting a nominal steering angle on at least one steerable 
wheel of the vehicle for the vehicle stabilization, 
comprising a means for adjusting an additional steering 
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torque, which is determined by a control unit dependent on a 
deviation between the nominal steering angle and an 
instantaneous steering angle of the vehicle manifests itself 
by the feature that an estimation means is provided for 
estimating a load moment that acts on the steering line based 
on signals of sensors mounted in the steering line, with the 
estimation means being connected to another means which 
establishes a component of the additional steering torque for 
the load moment from the results of estimation established in 
the estimation means, the said additional steering torque 
being added by an adder to the steering torque established by 
the control unit, and with the means for adjusting the 
additional steering torque being driven by the output signal 
of the adder. 

The sensors in an appropriate embodiment of the invention at 
least refer to one steering angle sensor, a sensor for 
measuring a hand steering torque representative of the 
driver's steering request, and a sensor for measuring the 
additional steering torque. 

In a particularly favorable embodiment of the invention, the 
estimation means for estimating the load moment is designed 
as a disturbance variable observer unit. 

In another favorable embodiment of the invention, the means 
for adjusting the additional steering torque concerns a servo 
motor of an electric power steering system. 

This motor is provided already in a large niomber of vehicles 
so that the device can be made available in these vehicles in 
an especially simple fashion. 
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In a likewise advantageous embodiment of the invention, the 
means for adjusting the additional steering torque concerns a 
hydraulic power steering system. 

In still another advantageous embodiment of the invention, 
the means for adjusting the additional steering torque 
concerns a steer-by-wire steering system. 

To introduce the haptic signal about the existence of a 
braking situation on an inhomogeneous roadway, in still 
another favorable embodiment, the device includes a pilot 
control means, which connects to the adder and transmits an 
additional steering torque with a predetermined value to the 
adder for a predetermined duration. 

To detect a braking operation on an inhomogeneous roadway and 
to activate the driver assist system, the device in a 
likewise preferred embodiment comprises detection means for 
detecting a driving condition, which dependent on a detected 
driving condition siibmits an activation signal to a 
multiplier that multiplies the activation signal by the 
additional steering torque established. 

Suitably, the activation signal adopts the value 1 when the 
detection means identifies a braking operation on an 
inhomogeneous roadway . 

Although suitable and advantageous embodiments of the 
invention arrange for assisting the driver during a braking 
operation on an inhomogeneous roadway, the invention is by no 
means limited to these applications. It may likewise be 
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favorably implemented in an application where the additional 
steering torque is applied during any other unstable driving 
situation, for example, during an oversteering or 
understeering situation. 

Further advantages and appropriate improvements of the 
invention can be seen in the sub claims and the subsequent 
description of preferred embodiments, making reference to the 
Figures . 

Referring to the Figures: 

Figure 1 is a schematic view of a control system for 
detecting an additional steering torque; 

Figure 2 is a block diagram with a general outlay of a 
control system for establishing an additional 
steering torque in a braking operation on an 
inhomogeneous roadway; 

Figure 3 is a development of a block of the block diagram 
illustrated in Figure 2 for determining a nominal 
steering angle; 

Figure 4 is a first development of a block of the block 
diagram illustrated in Figure 2 to estimate the 
load moment; 

Figure 5 is a second development of a block of the block 
diagram illustrated in Figure 2 to estimate the 
load moment; 
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Figure 6 is a development of a steering angle controller; 

Figure 7 is a first development of a block of the block 
diagram illustrated in Figure 2 for the pilot 
torque control; and 

Figure 8 is a block diagram describing the limitation of the 
additional steering torque. 

The invention is based on a two-axle, four-wheel motor 
vehicle with steerable wheels on a front axle. The steering 
system of the vehicle is preferably a rack-and-pinion 
steering system, which is equipped with an electric power 
steering system. In the conventional operation of the power 
steering system, an EPS servo motor (EPS = Electric Power 
Steering) is used to apply an additional torque to the 
steering line, which boosts the steering torque applied by 
the driver. The steering request of the driver is determined 
by way of a hand steering moment Mh, which is measured by 
means of a torsion rod fitted into a steering rod of the 
steering system. 

The electric power steering system is used to adjust an 
additional steering torque request Mdsr (DSR = Driver Steering 
Recommendation) for assisting the driver, and is actuated to 
this end by a controller, e.g. by way of an interface to the 
CAN bus of the vehicle. The EPS servo motor is then used as 
an actuator which introduces the steering torque Mdsr (DSR = 
Driver Steering Recommendation) into the steering line. 

However, the invention can be implemented in a similar way 
also in vehicles with other types of steering systems such as 
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steering systems with hydraulic power steering or with steer- 
by-wire steering. 

Referring to Figure 1, the principal design of a steering 
line control system 120 for establishing the additional 
steering torque request Mdsr is illustrated in a survey. The 
functions comprise a detection of driving situations in 
blocks 130 and 140, a control adapted to the driving 
situation in blocks 150 and 160, a steering angle control in- 
block 170 for determining an additional steering torque AM, 
and a situation-responsive limitation of the additional 
steering torque AM in block 180. The steering torque request 
Mdsr of the control system 120 is achieved from the limited 
additional steering torque AM. The steering torque introduced 
into the steering line by the EPS servo motor corresponding 
to the steering torque request Mdsr assists the driver in 
adjusting a nominal steering angle dnominai at the steerable 
wheels of the vehicle, which is used to stabilize the vehicle 
in an unstable driving condition. 

To detect driving situations, access is made to driving 
dynamics variables which are measured by sensors of the 
vehicle and to estimated ones, as well as to brake variables 
which are made available by a driving dynamics control 110 
that may concern a yaw rate control ESP (Electronic Stability 
Program) and/or an anti-lock system (ABS) . 

Block 130 is provided to detect a braking operation on an 
inhomogeneous roadway, which is also referred to as p-split 
braking, while block 150 corresponds to a control component 
of the control system for determining the additional steering 
torque AM, which is established herein dependent on the 



- 13 - 



disturbance yaw torque Mz induced by the brake intervention. 
A possible extension in this respect is shown in blocks 140 
and 160 and relates to situations in which a vehicle is 
understeering or oversteering. These situations can be 
detected in block 140, and the control component 160 of the 
control system can perform an adapted control of the 
intervention in this case. The additional steering torque may 
be determined then e.g. dependent on a difference between the 
yaw rate $ of the vehicle and a reference yaw rate 
established by way of a vehicle model. 

The block diagram in Figure 2 shows a favorable embodiment of 
a regulating and control system for steering angle control in 
a u-split braking operation. This system comprises in 
particular a block 210 for detecting a u-split braking 
operation, a block 220 which comprises a logic circuit for 
activating the control system, a block 230 for determining a 
nominal steering angle dnominai, a block 240 for estimating a 
load moment Ml that acts on the steering line, a block 250 
for the pilot torque control, a steering angle controller 
260, as well as a block 270 for the disturbance variable 
feed-forward. 

A p-split flag, which adopts the value 1 when a u-split 
braking operation is detected, is produced as an output 
signal in block 210 in order to detect u-split braking. 
Otherwise, the p-split flag adopts the value 0. 

Especially the yaw rate f of the vehicle, which can e.g. be 
measured by means of a yaw rate sensor, the lateral 
acceleration Sy of the vehicle which can e.g. be measured by 
means of a lateral acceleration sensor, as. well as the 
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steering angle 5r which prevails at the steerable wheels of 
the vehicle, can be used as input signals of block 210. This 
steering angle can be determined by way of known transmission 
ratios from the measured steering angle 5l at the steering 
column and from the measured control angle <5jif of the EPS 
servo motor. 

From these input signals, it is then established whether the 
vehicle is traveling straight ahead or is cornering. 
Cornering is detected e.g. when values of these input signals 
exceed a predetermined threshold value, and it can be 
established by way of the signs of these signals whether the 
curve is a right-hand curve or a left-hand curve. The 
detection of straight travel accordingly takes place when the 
values of the mentioned input signals are lower than 
predetermined threshold values. 

A braking operation on an inhomogeneous roadway is detected 
in block 210 by way of the reference speed Vref of the 
vehicle, as well as by way of wheel speeds Vwheei,! and brake 
pressures p„hee2,i in the w heel brakes at the right front 
wheel (i = fr), at the left front wheel (i = fl), at the 
right rear wheel (i = rr) , and at the left rear wheel (i = 
rl) . 

In particular, longitudinal slip of the wheel i can be 
established by a comparison of the wheel speed v„heei,i and the 
vehicle reference speed v^ef which indicates in which extent 
the wheel tends to lock. An analog detection of the driving 
situation and in particular the longitudinal slip of a wheel 
is performed to activate an ABS-control which prevents wheel 
lock by maintaining or reducing the brake pressure Pwhsei,i- 
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The rules that will be described hereinbelow can be used to 
detect a u-split situation and in particular to determine the 
^-split flag. These rules are based on the initially 
described ABS control strategy of yaw torque limitation at 
the front axle and the , select-low' at the rear axle. 

The p-split flag is set from the value 0 to the value 1 
during straight travel when one of the following conditions 
is satisfied: 

a) one front wheel undergoes ABS control for a predefined 
duration, while the other front wheel is not in ABS 
control . 

b) Both front wheels undergo ABS control, and a difference of 
the brake pressures Pwh^ei^i at the front wheels exceeds a 
predetermined threshold value. 

c) Both front wheels are in ABS control for a predefined 
duration, an ABS locking pressure on at least one front 
wheel exceeds a predetermined threshold value, and the ABS 
locking pressure at one front wheel amounts to a 
predetermined multiple of the locking pressure of the 
other front wheel. 

The ij-split flag is set from the value 1 to the value 0 
during straight travel when one of the following conditions 
is satisfied: 

a) No front wheel undergoes ABS control. 

b) The ABS locking pressure on both front wheels is lower 
than a predefined threshold value for a predetermined 
duration. 

c) The ABS locking pressure of a front wheel amounts to less 
than a predetermined multiple of the ABS locking pressure 
of the other front wheel. 
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In a cornering maneuver, the p-split flag is set from value 0 
to value 1 when one of the following conditions is satisfied: 

a) The outside wheel in a curve enters ABS control prior to 
the inside wheel in a curve. 

b) Both front wheels undergo ABS control for a predefined 
duration, and at least one front wheel exhibits an ABS 
locking pressure which exceeds a predetermined threshold 
value, and the ABS locking pressure at the curve-inward 
front wheel amounts to at least a predetermined multiple 
of the ABS locking pressure of the curve-outward front 
wheel • 

The p-split flag is set from the value 1 to the value 0 
during cornering when one of the following conditions is 
satisfied: 

a) None of the front wheels undergoes ABS control- 

b) The ABS locking pressure on both front wheels is lower 
than a predefined threshold value for a predetermined 
period. 

c) The ABS locking pressure at the curve-inward front wheel 
is lower than a predetermined multiple of the ABS locking 
pressure at the curve-outward wheel. 

The u-split flag is used as an input signal for the block 
220, which comprises the activation logic for the control 
system. 

When the ignition is re-started, a ii-split active flag, which 
represents the output signal of block 220, is set to the 
value 0. A change to the value 1 takes place in particular 
when the p-split flag adopted the value 1. 
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However, it is preferably required that likewise one or more 
additional conditions are satisfied so that the la-split 
active flag adopts the value 1. Such conditions are e.g. 
investigated in a ii-split situation likewise for the 
activation of an ABS control or a yaw torque compensation by 
means of an ESP system. 

For example, the u-split flag is set to the value 1 when 
additionally a difference of the coefficient of friction for 
wheels on the right side and the left side, which is 
estimated in an ABS controller, exceeds a predefined 
threshold value, and/or when the deviation between the 
steering angle 5r and the calculated nominal steering angle 
dnominai exceeds a predefined threshold value. Besides, the 
results of a driving situation detection operation, which 
latter is performed in an ABS and/or ESP system, can be taken 
into consideration in the activation logic. 

The vi-split active flag is reset from the value 1 to the 
value 0, when the ii-split flag adopts the value 0 or one or 
more of the other conditions considered are no longer 
satisfied. As regards conditions which are founded on a 
comparison of a variable with a threshold value, preferably 
other threshold values are used than in the activation before 
so that the control is calmed down by a hysteresis. 

The nominal steering angle dnominai is determined in block 230, 
whose input signals reflect the steering angle 5r at the 
steerable wheels of the vehicle, the brake pressures Pwhesi,i 
at the wheel brakes as well as the reference speed Vref, the 
yaw rate ifr and the lateral acceleration Sy of the vehicle. A 



preferred embodiment of this block is illustrated as a block 
diagram in Figure 3. 

A disturbance yaw torque Mz is estimated in block 310 which 
is brought about by the differing brake forces Fx,i (i = fr, 
flf rr, rl) at the wheels of the vehicle in a p-split 
situation. 

It is achieved from a condition of equilibrium for torques 
about the vertical axis of the vehicle: 

= cos (5^) • {sj • F^^^j - ■ F^,vr) (2 

- sin (5^) • 1^ • - ^^,hr} + ^1 ■ - • ^K^hr 

Herein, Sj designates the distance between the center of 
gravity of the vehicle and the left wheel contact point in 
the vehicle's transverse direction; Sr designates the 
distance between the center of gravity of the vehicle and the 
right wheel contact in the vehicle's transverse direction; 
and Iv designates the distance between the center of gravity 
of the vehicle and the front axle in the vehicle's 
longitudinal direction. 

In a favorable embodiment of the invention, ABS control 
prevents locking of the wheels of the vehicle. Thus, a linear 
relationship between the brake forces F^,i at the wheels and 
the brake pressures Pwhe^i^i in the wheel brakes is assumed so 
that the brake forces Fx,i are determined by way of the 
following relation: 



K,=K^-p^^,j (i = fr, fl, rr, rl) 



(2) 
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The proportionality constants Kpi are then determined e.g. in 
driving tests and stored in block 310. 

On the basis of the disturbance yaw torque Mz, which is 
transmitted from block 310 to block 320, a first component 
6nominai,i of the nominal steering angle dnomm^i is determined in 
an inverse vehicle model, and preferably a linear single- 
track model is made the basis in this case. In this 
arrangement, the relationship between disturbance yaw torque 
Mz and steering angle is linearized for a stationary driving 
condition. 

The first nominal steering angle component dnominairi is 
therefore established by multiplication of the disturbance 
yaw torque Mz with an appropriate amplification factor Km: 



(3) 



It has shown that the relationship in equation 3 includes 
dependencies on the vehicle speed Vref and the brake pressures 
Pwheeiri' Consequently, the amplification factor Km is 
determined dependent on these variables, for example, by 
means of characteristic curves which are established in 
driving tests. 

It has also shown that the brake pressures Pwheei,rr and Pwheei,ri 
in the wheel brakes of the rear axle have only little 
influence. Further, the brake pressures pwheei,fr and Pwheei,fi 
can be united in the wheel brakes of the front axle. In a 
preferred embodiment of block 320, the nominal steering angle 
component 5nonan^i,i is therefore determined on the basis of a 
relation in the following form: 
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Erroneous calculations of the nominal steering angle bnominai 
could occur, in particular due to varying operating 
conditions of the vehicle brakes such as varying operating 
temperatures or progressive wear of the brake linings, or due 
to inaccuracies in the determination of the brake pressures 
Pwheei,i in the wheel brakes, if only the nominal steering 
angle component 5nominai,i that is established by way of 
equation 4 was taken into consideration. 

It is therefore arranged for to determine a second nominal 
steering angle component 5„on,inai,2 in which the actual reaction 
of the vehicle to steering movements of the driver is taken 
into account. It has shown that the vehicle can be stabilized 
in an especially effective manner when the second nominal 
steering angle component 6„omnai,2 is established from a 
deviation of a yaw angle W of the vehicle from a predefined 
threshold value ^th. 

The yaw angle ?/r is determined in an appropriate embodiment of 
the invention by integration of the measured yaw rate ?/f , 
which is performed under the condition that the vehicle is 
traveling straight. Thus, an initial value of i/fo = 0 for the 
yaw angle jfr can be made the basis of the integration. 

A check is made in block 320 by a continuous comparison of 
the input signals 5r, ay and ^ with associated threshold 
values during a period Atcase history before the start of the 
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braking operation at time to^ whether the vehicle is 
traveling straight . 

In a preferred realization in which a calculation cycle of 
the length At^oop is assumed, it is arranged for that the 
integration of the yaw rate ilr with the initial value i/^o = 0 
is performed if the conditions 

\5r\ < \ay\ < ao and |?^| < to 

are satisfied for a predetermined number n = Atcase history/ ^^Loop 
of calculation cycles prior to the start of the braking 
operation at time to, with 5o/ ao and being predefined 
threshold values. 

The yaw angle f is calculated in the k^^ calculation cycle 
beginning with the start of the braking operation in block 
320 by means of the relation 

However, any other integration method known to the expert in 
the art may also be employed. 

The second nominal steering angle component ^nominal ,2 
preferably considered when the amount of the yaw angle t 
established by way of equation 5 exceeds a predetermined 
threshold value t th* It is achieved in an advantageous 
embodiment of the invention from the deviation between the 
yaw angle t and the threshold value tth and an appropriately 
chosen amplification factor K^, which is e.g. established in 
driving tests: 
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^Mominai,2 ^ 



0 



otherwise 



(6) 



The nominal steering angle 5nominai results in a v^- split 
braking operation during straight travel, preferably as a sum 
of the two nominal steering angle components 5nom±nai,i und 

5 nominal , 2 • 

^nominal ~ 5nominal,l ^nominal, 2 

In a ]A-split braking operation during cornering, it is 
preferably intended to omit considering the second nominal 
steering angle component dnominai.z which is determined under 
the conditions of braking during straight travel. 

Besides, the steering angle, i.e. the nominal steering angle 
5nominai,our.^ which the driver has to adjust in a u-split 
braking operation during cornering, can be subdivided into a 
first component for compensation of the disturbance yaw 
torque Mz and a second component 5tracki which latter 
corresponds to the actual track steering angle. 

However, the track steering angle cannot be measured in the 
situation under review, but is found out in a vehicle model. 
Preferably, the linear single-track model again provides the 
basis, in which the following relationship applies in a 
steady-state cornering maneuver, where EG designates the 
self-steering gradient: 



^ track ~ 



-^ + EG (8) 

K-^r^ ) 
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In conformity with this equation, the track steering angle 
5traak is determined in block 320 from the input signals Vref 
and Sy. 

It has shown that a continuous calculation of the track 
steering angle dtrack during the braking operation can cause 
inaccuracies, which are especially due to the fact that the 
lateral acceleration ay is influenced by the brake 
intervention. 

Therefore, it has proven favorable to found the determination 
of the nominal steering angle 5noininai, curve on the track 
steering angle dtrack {to) which prevails at the start of the 
braking operation at time to. 

It is, however, possible to perform steering angle control in 
a curve only for a limited duration when no significant 
change in the track steering angle desired by the driver has 
to be expected. 

In the capacity of a nominal steering angle component for the 
compensation of the disturbance yaw torque Mz, which latter 
is caused by the different brake forces during the braking 
operation, it is also possible to use the nominal steering 
angle component dnominai.i for a ji-split braking operation 
during cornering, which is established in block 320 in the 
fashion described hereinabove. 

The nominal steering angle component dnominair curve which is 
determined in a braking operation during cornering is 
composed additively of the nominal steering angle component 
5naininai,i and the track steering angle 5track at the time to: 



5nominalf curve Stracki^o) + Snominalrl ' 

The situation-responsive nominal steering angle dnominai or 
5naininai.cur.o whlch Is established in block 230 in the way 
described above, is transmitted to the activation logic in 
block 220, to block 250 for the pilot torque control, and to 
the steering angle controller 260. 

Block 240 in Figure 2 is used to estimate the load moment Ml, 
which counteracts the steering movements of the operator and 
by which a tire resetting moment is taken into consideration, 
which is caused by the cornering force and by transverse 
forces at the tire. On the basis of the load moment Ml, it is 
thus possible to consider the prevailing road conditions and, 
more particularly, the momentary road pavement in the control 
system. Thus, it is e.g. possible to adjust a lower steering 
torque Mdsr when braking on an icy roadway than when braking 
on asphalt. 

A preferred development of block 240 is shown as a block 
diagram in the Figure. 

The load moment Ml is then determined from the hand moment 
Mm the motor moment A&f of the EPS servo motor, as well as 
the steering angle 5l that is related to the steering colvimn 
and adjusted by the driver, as well as its change rate . 
As has been -explained hereinabove, the hand steering moment 
Mir is measured at the steering rod. The motor moment A&f of 
the EPS servo motor is measured or determined from an 
operational quantity of the motor such as the motor current. 
It is also possible to use the nominal motor torque which is 
produced by the EPS control unit, when it is safeguarded that 
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this quantity is adjusted by the EPS system with a sufficient 
rate of precision and dynamics. 

To convert the variables with regard to a joint reference 
point within the steering line, the ratio of transmission 
= 5l/5r between the steering angle 5l related to the steering 
column and the steering angle 5r related to the steerable 
wheels, and the ratio of transmission Im = 5m/5r between the 
control angle 5m of the shaft of the EPS servo motor and the 
steering angle 5r at the steerable wheels are used. An 
evaluation with reference to the steering column is assumed 
in the following. 

The determination of the load moment Ml corresponds to a 
detection by a so-called disturbance variable observer unit. 
A model of the steering line is described by the following 
equation: 

^ J 

In this respect, 5^ designates an estimated steering angle 
acceleration, and J refers to the moment of inertia of the 
steering line. 

The hand moment Mb and the engine torque A&f of the EPS servo 
motor act corresponding to the model equation 10 in the same 
direction, while an inner steering torque Mi and the load 
moment Ml act in opposition thereto. 

Due to the inner steering torque Mj, any moments caused by 
viscous (Stoke) and Coulomb friction inside the steering 
line, which develop due to sliding on lubricated and dry 
contact surfaces, as well as resetting moments (spring 
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effect) accompanying an excursion are taken into account so 
that an expression of the following force is made the basis: 

Mj ^ Ks ' Bj^ -h Kc ' signiSj^s) - 5^^ (11) 

The constants Ks, Kc and Kp are established in driving tests. 

The estimated steering angle velocity 5^ as well as the 
estimated steering angle <5_^ are determined by integration 
from the estimated steering angle acceleration 6^ : 

= J<^idt and 5i = j B^^dt (12) 

An assessed value for the load moment Ml, which is fed back 
to the input of the disturbance variable observer unit, is 
achieved from the difference between the estimated steering 
angle velocity Bj^ and the measured steering angle velocity 
5r as well as from the difference between the estimated 
steering angle and the measured steering angle 6l: 

= ' {Bj, - 5j,) + ^2 • (5^ - 5j,) (13) 

The- amplification factors hi and hz are determined in driving 
tests so that the system is especially stable and 
sufficiently exact values of the load steering moment Ml can 
be determined. 

Figure 5 illustrates an additional preferred development of 
block 240 for the load moment estimation. A linear model of 
the steering line is used herein, in which the non-linear 
term of the above-mentioned model hat refers to the Coulomb 
friction within the steering line is not considered. 



Thus, the inner steering torque Mj in this model has the 
form: 

Mj- = Ci5i + di^i (14) 



The proportionality constants ci and di can again be 
established in driving tests. 

The estimated steering angle acceleration Sj^ is calculated 
by way of the model equation 10 also in this embodiment of 
block 240^ and the inner steering torque Mj indicated in 
equation 14 is made the basis in this case. 

A first integration permits achieving from this the estimated 
value 6^ for the steering angle velocity 6^, while further 
integration furnishes an estimated steering angle 6^ from 
the estimated steering angle velocity . 

In the disturbance variable observer unit in the embodiment 
illustrated in Figure 5, the time derivative of the 

estimated load moment Ml is established from the difference 
between the estimated steering angle 5^^ and the measured 
steering angle 5^ and from the difference between the 
estimated steering angle velocity Sj^ and the steering angle 
velocity 5^, which is derived from the measured values of a 
steering angle sensor, being fed back to the input of the 
disturbance variable observer unit by way of an amplification 
matrix L. It is thus applicable: 
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The estimated load moment Ml is achieved from its time 
derivative by integration. 

In addition, it is possible to use the amplification matrix L 
in order to adapt the estimated steering angle acceleration 

5^, and the estimated steering angle velocity directly on 
the basis of the differences between the estimated variables 

5^ as well as and the corresponding variables 5l and Sj^^ 
established from test signals. 

Standard methods of the control theory can be used to rate 
the amplification factors Lij of the amplification matrix L. 
They can be established by pole placement, for example- 

Multiplication with a factor 1l allows relating the load 
moment Ml, which is determined in block 240 so as to be 
initially related to the steering rod, to the steerable 
wheels of the vehicle. 

The estimated load moment Ml is submitted to block 250 for 
the pilot torque control and to block 270 for disturbance 
variable feed- forward . 

In block 250, a control component Mcontroi of the additional 
steering torque is determined dependent on the load steering 
moment Ml. This control component is preferably composed of a 
, direct' component Mcontroi, o and another component, which is 
proportional to the difference between the steering angle 5r 
adjusted by the driver at the steerable wheels of the vehicle 
and the nominal steering angle Snominair and the nominal 
steering angle dnomin^ir curve is made the basis in a p-split 
braking operation during cornering: 
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^ contra = f^con^lfi * Sgn(<5^^,, " ) + m^trol " nun a/ - J« ) (16) 

It is arranged for in this case to adjust the pilot control 
torque Mcontroi at the commencement of a braking operation on 
an inhomogeneous roadway in order to alert the driver to the 
existing hazard situation by means of a noticeable pulse and 
to simultaneously indicate to him in which direction he must 
steer for stabilizing the vehicle. The factor sgn(5„ominai - 5r) 
in equation 16 safeguards that the direct component of the 
pilot control torque Mcontroi has the correct sign. 

According to a predetermined duration Atcontroir which 
commences with the start of the braking operation at time to, 
the control component Mcontroi. of the additional steering 
torque is withdrawn so that the following time behavior 
results for the control component Mcontroi : 

J^controiK ■' I 0 Otherwise 

Further, it has shown that the intervention on the basis of 
the pilot control torque Mcontroi can be performed in an 
especially comfortable fashion for the driver when the value 
of the factors Mcontroi,o and lOaontroi is reduced with decreasing 
vehicle speed Vr^f and increased with rising load moment Ml. 
This corresponds to a comfortable adaptation of the pilot 
control torque Mcontroi to the driving situation and to the 
prevailing coefficient of friction of the roadway. 

The factors Mcontroi. o and Maantroi are therefore chosen in a 
preferred embodiment of the invention in the following form: 

M_^,o =/(v^,A^.) = ^M.o +^M., •(Vm.o -v^) + /!:^.2 J^L (16) 
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The constants Ki^j (i = M^m; j = 1,2,3) as well as the speed 
values Vm,o and Vm,o are determined in driving tests, for 
example . 

Controller 260 determines a control component JVfeeg of the 
additional steering torque AM. Figure 6 shows a block diagram 
of a favorable controller 260, The control component • MjReg is 
additively composed of a first component and a second 
component in this embodiment of controller 260. 

The first component is defined by an amplification of the 
deviation between the nominal steering angle dnominai and the 
instantaneously prevailing steering angle 5r at the steerable 
wheels of the vehicle with a predetermined factor K2 by means 
of a proportional controller. 

The second component results from a deviation of the steering 
angle velocity and is defined in a branch of the 
controller 260, which is designed as a cascade controller. 
The command variable for an inner controller is established 
by a multiplication of the deviation dnominai - 5r of the 
steering angle with a predefined factor iCi and corresponds to 
a nominal steering angle variation. The deviation results 
from the difference K^(S^^^, - Sj,)- Sj, between the nominal 
steering angle variation and the measured steering angle 
velocity . 

The inner controller of the cascade controller is preferably 
designed as a PD controller so that the second component of 
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the control component Mreg of the additional steering torque 
is achieved as follows: 

^2,P • k • (Ssoii - - 4] + ^2,D " • ^^Soll - - 4] (18) 

This second component of the control component Mreg of the 
additional steering torque renders it possible for the 
control system to intervene very quickly and effectively, 
when the difference between the nominal steering angle ^nominal 
and the instantaneous steering angle 5r is increased by 
steering movements of the driver. The amplifications K2,f and 
K2,D are established in driving tests. 

Another component Mdisturh of the additional steering torque AW 
results from the estimated load steering moment Ml amplified 
by factor Ks and is determined in block 270, which is 
illustrated in a preferred embodiment in a block diagram in 
Figure 7 . 

The consideration of the component Mdisturb corresponds to a 
disturbance variable feed-forward, which allows considering 
the road conditions in this case, yet enables performing 
steering angle control in a simple fashion irrespective of 
this influence. 

The components Mcontroif Mregr and Mdisturb add to determine the 
additional steering torque AM. Further, the sum is multiplied 
by the ^-split active flag, which is defined by the 
activation logic in block 240, so that the steering torque 
request Mdsr exists only when the iJ-split active flag assumes 
the value 1 . 
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To determine the steering torque request MnsRi limitation of 
the additional steering torque Z\M is provided, which is 

performed dependent on the instantaneous driving condition 
and the instantaneous driver behavior. Figure 8 shows a block 
diagram of a preferred limitation component. 

A speed-responsive limitation takes place in block 810, and a 
greater limitation of the additional steering torque AM takes 
place in a lower speed range than in a medium speed range. It 
has shown that operators consider a like speed-responsive 
limitation as especially comfortable. The additional steering 
torque AW is significantly limited in high-speed ranges 
because interventions due to errors in the behavior of the 
operator of the vehicle can cause major damage in these 
ranges . 

The limitation within block 810 is preferably carried out by 
way of a characteristic curve, which is e.g. defined in 
driving tests. 

Block 820 diminishes the additional steering torque AW with 
an increasing duration of the control intervention. It is 
hereby prevented that control interventions are erroneously 
performed due to an increasing rate of errors in defining the 
input variables such as brake pressures Pwheei^ir due to an 
increasing number of incorrect ratings, e.g. in estimating 
the track steering angle dtrack in a braking operation while 
cornering. Usually the operator of the vehicle, when he is 
alerted to the hazard situation after a defined duration of 
the intervention and instructed to stabilize the vehicle, 
will be able to fully take over the task of steering angle 
control . 
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Further, a limitation is envisaged, which takes the behavior 
of the vehicle operator into account. In block 830, it is 
established from the hand steering torque Mh and from the 
instantaneous deviation of the steering angle 

whether the operator follows the instructions of the control 
system, or whether he opposes them. In this arrangement, a 
temporally progressive consideration and evaluation of these 
variables allows forming a variable that is an indicator of 
the opposition of the driver. If this variable exceeds a 
predetermined threshold value, the additional steering torque 
AM is reduced until the value 0 in block 830. 

Further, dynamics limitation is performed in block 840, in 
which the rise or fall of the additional steering torque AM 
is limited in order to prevent quick application of the 
additional steering torque to the steering wheel. Without 
this limitation, it would be possible with a very high 
dynamics of the EPS actuator that a sudden introduction of 
the additional steering torque hits the steering wheel out of 
the operator's hands. 

The output signal of the limitation component illustrated in 
Figure 8 is represented by a limited additional steering 
torque AM, which is the steering torque requirement Mdsr 
submitted to the EPS servo motor. The latter introduces the 
steering torque Mdsr into the steering line so that the driver 
is supported when countersteering in a iJ-split situation. 

This enables the driver to stabilize the vehicle more 
quickly, and it becomes possible to adapt the brake pressure 
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in the wheel brakes on the high coef f icient-of-f riction side 
more quickly to the driver's specifications. 

Hence, the vehicle can be stabilized more reliably and 
quickly by the control system shown during a p-split braking 
operation. Thus, it is possible to shorten the stopping 
distance of the vehicle in such a situation. 
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Patent Claims : 

1. Method for assisting an operator of a vehicle in 
adjusting a nominal steering angle at steerable wheels 
of the vehicle for the vehicle stabilization, wherein an 
additional steering torque is applied to the steering 
line of the vehicle, which is determined dependent on a 
difference between a nominal steering angle and an 
instantaneous steering angle, 

characterized in that a value of a load 
moment acting on the steering line of the vehicle is 
estimated, and that the additional steering torque is 
established dependent on the estimated value for the 
load moment. 

2. Method as claimed in claim 1, 
characterized in that the additional 
steering torque is composed of at least two additive 
components, with a first component being determined 
dependent on the difference between the nominal steering 
angle and the instantaneous steering angle, while a 
second component is established dependent on the 
estimated value of the load moment. 

3. Method as claimed in any one of claims 1 and 2, 
characterized in that the load moment is 
estimated by a disturbance variable observer unit. 

4. Method as claimed in any one of the preceding claims, 
characterized in that a component of the 
nominal steering angle is determined in an inverse 
vehicle model dependent on a disturbance yaw torque. 
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5. Method as claimed in any one of the preceding claims, 
characterized in that a component of the 
nominal steering torque is determined dependent on a 
deviation between a yaw angle of the vehicle and a 
predetermined value of the yaw angle. 

6. Method as claimed in any one of the preceding claims, 
characterized in that a component of the 
nominal steering angle is an estimated track steering 
angle . 

7. Method as claimed in any one of the preceding claims, 
characterized in that a component of the 
additional steering torque has a predefined amount. 

8. Method as claimed in claim 1, 
characterized in that the component of the 
additional steering angle with the predefined amount is 
set for a predetermined duration after the start of a 
braking operation. 

9. Device for assisting an operator of a vehicle in 
adjusting a nominal steering angle on at least one 
steerable wheel of the vehicle for the vehicle 
stabilization, comprising a means for adjusting an 
additional steering torque which is determined by a 
control unit dependent on a deviation between the 
nominal steering angle and an instantaneous steering 
angle of the vehicle, 

characterized in that an estimation means 
is provided for estimating a load moment that acts on 
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the steering line based on signals of sensors mounted in 
the steering line, with the estimation means being 
connected to another means which establishes a component 
of the additional steering torque for the load moment 
from the results of estimation established in the 
estimation means, the said additional steering torque 
being added by an adder to the steering torque 
established by the control unit, and with the means for 
adjusting the additional steering torque being driven by 
the output signal of the adder. 

10. Device as claimed in claim 9, 
characterized in that the sensors at least 
refer to a steering angle sensor, a sensor for measuring 
a hand steering moment representative of the driver' s 
steering request, and a sensor for measuring the 
additional steering torque. 

11. Device as claimed in any one of claims 9 and 10, 
characterized in that the estimation means 
for estimating the load moment is designed as a 
disturbance variable observer unit. 

12. Method as claimed in any one of claims 9 to 11, 
characterized in that the means for 
adjusting the additional steering torque concerns a 
servo motor of an electric power steering system. 

13. Device as claimed in any one of claims 9 to 12, 
characterized in that the means for 
adjusting the additional steering torque concerns a 
hydraulic power steering system. 
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14. Device as claimed in any one of claims 9 to 13, 
characterized in that the means for 
adjusting the additional steering torque concerns a 
steer-by-wire steering system. 

15. Device as claimed in any one of claims 9 to 14, 
characterized in that a pilot control 
means which connects to the adder and transmits an 
additional steering torque with a predetermined value to 
the adder for a predetermined period. 

16. Device as claimed in any one of claims 9 to 15, 
characterized in that it comprises 
detection means for detecting a driving condition, which 
dependent on a detected driving condition submit an 
activation signal to a multiplier, which multiplies the 
activation signal by the additional steering torque 
established. 

17. Device as claimed in any one of claims 9 to 16, 
characterized in that the activation 
signal adopts the value 1 when the detection means 
identifies a braking operation on an inhomogeneous 
roadway. 



